An octadentate cyclen-based europium complex with amidic and hydroxyalkyl pendent moieties exhibits pH dependent ligand denticity associated with anion recognition. Unusually high hydration numbers are determined for ortho-phthalate ternary outer-sphere complexes for which modulation of lanthanide-based luminescence is observed.
D 4 Tb(III) excited state of the ternary complex, while simultaneously displacing coordinated water molecules that quench the lanthanide emission, thereby signalling the presence of the anion. Hydration states determined using a Horrocks-based method, 3 endorse bidentate carboxylate binding to form fourmembered chelate rings, displacing inner-sphere water molecules. Consequently, sensing of aliphatic and aromatic dicarboxylates was further investigated using dinuclear terbium complexes. 3 Dinuclear complexes encapsulated terbium(III) ions within a cyclen macrocycle bearing three pendent amide moieties, covalently linked via a p-xylyl spacer aimed at accommodating the binding requirements of the dicarboxylate anions. Each metal centre was shown to independently bind a N,N-dimethylaminocarboxylate anion in dinuclear ternary complexes with 2 : 1 stoichiometry. A 1 : 1 stoichiometry was observed for the luminescent ternary complex of terephthalic acid in which carboxylate moieties bind to separate metal centres forming four-membered chelate rings. A number of phthalate derivatives have been identified as metabolic and endocrine disruptors, capable of inducing hormone imbalance in humans with highly toxic effects. [4] [5] [6] [7] [8] [9] Recognition of aromatic dicarboxylates is therefore desirable in biological and aqueous media. Hexaazamacrocyclic ligands consisting of amines linked by p-xylyl spacers and alkyl groups are reported to afford discriminatory recognition of phthalate isomers. 10 Potentiometrically determined formation constants for phthalate ternary complexes with hexaazamacrocycles containing propylene groups, indicate recognition of the isophthalate complex is thermodynamically preferred. Inappropriate geometries of the ortho and para isomers inhibit optimal N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen-bonding interactions with the terephthalate (para) complex exhibiting the weakest binding. Europium(III) complexes of coordinatively saturated cyclenbased ligands, bearing four pendent side-arms, have been thoroughly scrutinised; their coordination polyhedra inevitably include a singular axially bound aqua ligand undergoing dissociative exchange with bulk water. The aqua ligand is, however, not readily substituted in aqueous media 11, 12 and anion sensing strategies infrequently consider octadentate europium(III) complexes. Unsaturated coordination has recently been reported for octadentate europium(III) complexes in which a brachial moiety is not bound to the metal centre. 13, 14 A pendent azaxanthanone group of a protein-bound octadentate europium(III) complex is reported to reside in the apolar binding cavity of the alpha-1-glycoprotein and is not coordinated to the metal centre. 13 a multidentate chelating mode for the ternary citrate complex exhibiting enhanced emission upon direct excitation.
In this work a mixed donor cyclen-based europium(III) complex is shown to exhibit fluxional ligand denticity upon phthalate recognition. The formation of a ternary ortho-phthalate complex is investigated by monitoring pH-dependent modulation of the characteristic europium(III) emission. Emission spectra were recorded for pH titrations in aqueous and buffered media, using biologically suited buffers (1 mM MOPS, 1 mM MES, 2.4 mM Tris, 1 mM KHP), at constant ionic strength. Hydration states, at relevant pH values are determined using a modified Horrocks method 15, 16 to account for quenching contributions of the hydroxycycloalkyl and methylethanamide pendents. Endo conformations, resembling conformations in the structure of DTMA, 17 ‡ prevail for trans methylethanamide and the hydroxy- . Thermal ellipsoids are shown at the 50% probability level. [Eu(CyD3MA)(H 2 O) 2 ] 3+ pht 2À (ESI, † Fig. S6 and S7 , is illustrated. The orthophthalate anion is shown to be an outer-sphere ligand and binding interactions result in hydration states (q B 2) more readily associated with heptadentate chelators. Pseudo-heptadenticity is achieved by incorporating a weaker binding brachial hydroxycycloalkyl group, susceptible to dissociation upon formation of an outer-sphere ternary complex. At higher pH values octadenticity is restored, as determined by hydration states characteristic of octadentate europium(III) complexes, upon ortho-phthalate displacement. The above mentioned responsive nature of mixed donor, octadentate europium(III) complexes merits further investigation that may potentially impact developments in anion and molecular recognition. Observations can further contribute towards the development of analogous responsive gadolinium(III) complexes suitable for applications in MRI imaging.
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